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,AaSTaAcT ‘

The:Pennsylvanla State‘univetsity‘system.’With an enrol Iment of
50,000 students, ls located oo 22 campuses-throughout the state mith
half the students on the melh'cempus etluoluersity Park. - The basic
planninglmodel developed for the system_ls a'growth model of the
logistic form. .§£g£g§'g_; pfodectlohs-uslhg current practices and
procedures are used. to provide the base for charting the future course,
" and dercvnng deslred changes in obJecteves and pollcuesl The paper
also descrnbes some of the key models used, nncludlng one that defines
the flow of students lnto, withln. and through the system, wnth degree

roductlon as a measure of output.




o INTRODUCTION

Measures of the size and composition of future student populations
are a basic requirement for.planning in an institution of higher educa-
. tion. Both tactical and strategic assessments of resources require
quantitative appraisals of enrollments over time. However, during the -
_last several decades the demands for higher education have consistently
;;outstripped availabie resources. Consequently, no matter what happened,
enrollments could be structured in some way in order to make efficient - .
* _use of resources. As a result the need for careful appraisal of future~
. student popu]ations;was limited if not totally lackrng.
| However,'the characteristic feature of the future which mankind
eﬁ: ' _ | v knows wi th certalnty is that the future is uncertain!: Already straws
are |n the wind which” are suggestave of shlfts in student demand. For

_some - years the bsolute number of recorded births has been dropplng and

'o‘recently the |mpact of this trend has been felt at the prlmary school
‘:1evel. In h|gher educat|on, the proportion of enrollment represented byd
";womenlls rnsnng The chonces exercised by students in the selection of
_the|r flelds of study are shlftlng ~Collect|vely, these and other symptoms'b
"{suggast that sucnlflcant .changes may be antncnpated in the number and

L characterlstncs of future populatlons of students. ’Such an_enV|ronment‘

}fwull'requnre.a.greater;understandlng of the varJab]es;and.reiationships

" among Student progression-than has beenaneeded'in.thefpast}h,*




THE_EDUCATIONAL SYSTEM AS A FLOW PROCESS

~ The progression of students into, within, and from a system of
higher education is essentially a flow process. Some of the variables
which affect both sizes and characteristics are controiled by the institu~
tion itself, altHough others are completely external to it; many are
-influencedvby events occuring during the actual period of enrollment
while others take place before this pericd of time even begins.. For
example, the number of births affects the size of enrollments in later
years in primary and secondary schools. Secbndary school enrdliment
controls the output of high school graduates. The proportion of these
graduates electing to continue their formal education influences admissions
to colleges'and u?ivefsiiies. Admissions over sequential.yeafs, coupled
with retention rates‘and7the discipline area selected for study, control
the levels of enrollments and. the number‘of degrées awarded in subsequent
years. | |
As afflovaroqess'the educational system is composed of é number of
o seduential steps through which students must pass. _Tﬁese steps may be
:‘defined in term; of fHe similar chérégteristics — such aé age, grade-
',fevel; discipline of study, etc. — of{the students témporérily résiding
‘in‘them{ A uﬁfque set ofAcommon?characté}istics may be referred to as a
 '“sfate”; 'Thé {nteryéi 6f time to progh3ss %rom.one state;tb éndther is
k ‘nokﬁall* déffhed”by~the system and the progreésionﬂof»a group of students
”lCBh Usqa]]y‘bé'méQSUfed from historical observation. Thus if the size of
é Stgdénffpopuiatiph;}p’a pérticu]ar stéte is knowﬁ}cit‘is usually.possible

"ftb‘esiimaté‘the?Si?e!bffthe_gFoUp’réaching some -Other Feasib]e state at a

later ‘dates -




in order to estimate the size of a student population‘in a'giyen‘
state, some relative measure between its size and thg mégnitude of the
population‘in some previous state is required. Various approaches have
. been used and reported upon for computing these measures. (1,2,3;4,5,6,7)
waever, in their éimpfest’form,'all may be classified within one of two
general types’and the choice between the twd is usually dictated by the scope
of historical obseryatioﬁs that are available. The total scope bf‘possiblé
.méasurements which may be available on the progreéssion of students between

two feasiblé states is illustrated in “igure 1.




F1GURE 1

POSSIBLE MEASUREMENTS OF STUDENT FLOW .
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- is the size of the student population in'state i
heasﬁred at time n~1.°7

| is the size of the student population in state j

" * measured at. time n

isffhe number of students from state i at time n~1

' -moving to $tate j'at time n

"f}y{éthéﬂﬁhmber of new students migrating into the

'5y5feh fﬁtO;§téte j at time n




|f historical data are limited to the sizes of total student popuia-
tion, then a measure of progressnon between two successive states. may be
"computed as a ratio of the size of the p0pulat|on in the later state to

that of the earller state as fOIIOWS'

‘ di,n=1 ' '
In thls case projections of the sizes of populatlons in successive '

states ‘over “the normal |nterval of time reqU|red by the system for advance—

. ment may be computed as fol]ows.

© 55,67 5,1 Py e - S (2)
whérezks-j ¢ ~is'the.size of. the student population’in state j‘
' ' '~?a§ﬂt|me t
o 'jfir:-:hf':fs.h g 1is the snze of the student popu]atlon in state i

athtlme te- 1

P .,isfthe ratlo of student populatlons in state j to i

The use of th|s type of relatlonshlp for prOJectlng future student
';jﬂfupopulatlons has .one defncnency thCh under certaln cnrcumstances may  introduce

";fjserlous dlscrepanC|es._ Essentlally when progressnon is snmply measured as.

‘"the ratlo of two |nventor|es of student populatlons, there is no assturance

;that all of the students |n the later state were in reallty in the preV|ous

“iéxstate |n the same system, since. the effect of mlgratlon of students f|om

; other systems has been |gnored. Thus measures of progre55|on based upon-

[N




This deficiency can be overcome if the scope of historical measurements

. on the progression of students between two feasible states is such that the
composition of the student populations may be identified with respect to
origin., Again referring to Figure 1, the progression of students between

states i and j may be measured as follows:

fij =_$'[i) n (5)
Si,n-1

In this case,projections, which take into account the effect of-
“migration, may be computed as follows:
S0t 7 %1 Tig Y Ny | )
. [whé?e:f f{j' is the transition .ratio of students from state i to state j
INj.£iis the new student population migrating into the system in
state

e




MODEL DEVELOPMENT

In the previous sectidn, it was shown how the size of a studegt‘
population in a terminal state may be projected from the size of a known
Cor previously estimaﬁed population in an origin state and a progression
rate between the two states. In addition, it was shown that a progréséion
rate may be developed from historical data by computing the
{1} ratio of populations in successive states — the ratioc of
| population in thg termina!l state to that in the origin
state, or
. | (2) :transition rates of students between successive states -
the fracfion of thosé students in the origin state who
move to the terminal state.
The choice between the two methods is usually dictated by the éc0pe
~of historicaifdafa aQailable for computing measures of progression.‘ Applicaf
tion freqqehtly neceSsitatesvthe use of both. An example will be déscfiﬁed
to illustrate how the two:may be employed in conjunction with one another.
The exahpie Edncerhs.thé'flow of students into, within, and ffom baccalaureate
programs in_fhg Eennéylvaﬁia State University.: it should be noted, however,
that.appl{éatioﬁs.§f'this type.exhibit é'tenden;y.to problem specific and what

.. may prove to bé{sditabie fdr.uée;in one institution may not be in another.

TG e T e
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Enterinq Flow

The flow of students into the University may be divided into two
‘parts. The first consists of high school graduates seeking admission as
first-time freshmen; the second is comprised of.stuaents who have already
attended an irstitution of higher education and seek admission with advanced-
standing status.
The first of these two flows is of greater numerrcal importance.
Since, on the basis of policy, the number of admissions granted to out-
» efwstate students is Iimfted,‘the level of freshmen‘admissions in any one
" year may be related Drimerily to the number of étudents graduating frem
vhigh schools within the‘Commonwealth of Pennsylvania during the same year.
vPrejectiens of hiuh schéot graduates are developed from the most recent
r\census of prsmely and secondaly enroliments which summarize for a glven
,year the numbel or JLudean in each grade level and the number of -high school
graduates, Prolcctlons oF the flow from each grad= level through graduaLlon
;ere’developed from the censu; data for the most recent year.  U

' ;;SQk')= S, ',p;; for t = n+1,'n42,.,.5. nel2 o 1‘ f (5) -
| » M sz, s .

I

- fh;wheré;ité;;£ i's thebﬁepqletrbn'ih thehtermfha]:stete'~é highisehdol
B V1 _greduates,fnlyear o~
;S{;hﬁjs the pephletiehgrh’thghorrgrh'statef?eehrotlmeht\by
'ihgrade-tereteﬁhherimery,and'secbhdary;seh601;syétem_recorded=:
Cinyesrn | )
p;h?hfeitheieregreeeieh‘ratef5~ evpertréu1er.§rede;lé§el to

*" graduation from high school




‘ln those cases where the census of school enrollment is not strati-

’fied_by gradeélevel, or is incomplete, the number of high school graduate51

’may.be estlmated frombactual records of -births or brojected values based
'upon approprlate fert|l|ty rates in the actual female populatlon between
ages 14 and 44

’7ﬂ°j,tk= Si,n pij‘ for t = n+18» ;‘__‘ } (6)

where: ‘ijtTis the population in the terminal state — high school
. “Ja , _ : _
‘graduates in_year t
“Si‘n‘fs“the populatlon in the origin state — births recorded

inyear n

"pijb;is the_progression rate — birth to graduation'from_high'school

0nky a fract:on of these h|gh school graduates wull elect to contnnue ‘
, their formal educatlon |n a college or un|ver5|ty However, unln&e the pro-'

:arresslon rates appllcable to the prlmary and secondary school system, the

"f proportlon of hegh school graduates enter|ng colleges has been |ncrea5|ng

7fjover t|me Thus the total number of h|gh school graduates elect|ng to pursue

71ﬁfs;a hlgher educatlon maY be P"OJeCted ‘rom the follownng

|slthe populatlon ln the termlnal state -— hlgh school .

graduates'to‘college in year t




S. is the population in the origin state =— high school
graduates in year t
P is the progression rate — high school gradhates in year

t to high school graduates electing college

'hfSTnce the value of Pij is dependent upon time t

CPijLe TPt (EWA R e

. where: - blj n-‘is the progression rate recorded for year n

AApij is the annual change in progression rate

.'The_number of first=time freshmen adnitted to the University-from
ﬂ.iPennsylvahia is a fixed proportion of the numbervof'high'SChOO] graduates
'tiﬁ?lelectlng to go to co]lcge In turn, the number of out-of- state appllcant%
:h;who are granted admxss;on is limited to a specnfled fractlon of the in-state

khfreshmen Thus total fteshmen admissions’ may be determlned from the fol]ow:ng

=s N, T )

ils‘the populatlon lh the termlnal state - flrst ~time
~?freshmen admissions to the Un|vers|ty tn year t

ﬁ|s the pepulatlon in the orlgln state - Pennsylvanla
fhlgh school gladuates electlng college in year t
'ils the progle5510n ratev-— Pennsylvanla hlgh school

Mfgraduates electlng co]lege to Pennsylvanla flrst tlme

ffreshmen admnssnons to UnlverSIty

Provided by ERIC.




Nj ¢ is the population migrating into the system in the
3
terminal state — first-time freshmen admissions

from out-of-state applicants to the University

In turn the number of out-of-state freshmen admissions is computed

as.

N. .=q S, ,f.. | ’ o (10)

where: q is the ratio of out-of-state to Pennsylvania admissions

The number of students admitted with advanced standing status is
related to the total number of freshmen admissions by a constant factor.

- Thus total admissions fF freshmen and advanced~standing — may be computed
v : . ) : . ‘

as follows:

m : m : , ‘
e Si s’i’t fij AN - ()
where: S;.i,‘is the population in the terminal state =— total admissions
‘ : ,to e popti e ‘ =rminaf state = _ |

. for,all academie achievementblevels in year t
7S, s the p0pu]at|on in the oragln state ~ first= tame adm|55|ons

»ﬁ1to the Unlversuty in year t

‘fij'f |s the progressuon rate WhICh in th|s case is simply 1.0
N, o is. the p0pu]at|on mlgratung |nto the system in the terminal

:"fstate -— advanced standlng admassnons to the Unlversuty
‘ ,:lh;tuth the‘advahced Standihg admiséfenS'may,bevcometedfas:
éz_ S | SRR :)- o 'g‘ S
el f“_’-“';s_i,.t_jfij-- T R R

" ‘where: "a”tis1the"FatietefﬂadVah¢edLstahdingjteLFreShmen admissions

Q 5" > “,vzfiﬁs;;Tfl;;;f:i;gkhqi;f"f“,f_.h-t;l:}1'2f;ghéeh




'Internal Flow -

The flow of students wuthln the UnlverSIty is treated as a system

‘}:separate and dlStlnCt from that concerned wnth the enterlng flow The
3_enter|ng flow o admossnons — is treated as a flow of students migrating
U:._from the “outsnde world” |nto the Unuversnty ErOJectlons of admussnons_
T‘]?by'discipline‘and aCademic achievement level are then cycfed throUgh a
?eMarkov type model together W|th exustlng enroldments, in order to generate
vl.:dlstrlbutlons of students for sequentual .years.  For this purpose ‘the
‘,,fﬁ&fql]qwjng;typeﬁof_relatlonshlp |s_emplqyed;_ | .

S s J( )s te - PNy forjet2m ()

fwls the populatlon in the term|naI state at time t -—
"Zh@enrollment by dlscapllne and academic. achlevement Ievel
'Qis the populatlon in the orlgln state who move to ‘the

termlnal state at tlme to—- students enrolled in the

fnnVersnty at tlme t-1 who move. to. a partocular '

fdlSClplune and academlc achlevement level |n tlme t




“ N, ¢ is the migration of population into the system in the
Jot : . ‘
“terminal state at time t — admissions of students by

discipline'and academic achievement level

Since S, 5 (1) represents the movement of students.who are already en-
.rolled in the UnlverS|ty from an origin state (i) to a termlnal state () -
-trans|t|on ratlos expressing the d|str|but|on of the students in state i
among state j may be .computed as follows:
o

flj v sifll%n!'for b Jk

Si,n-l

= 1,2 .;;. m : _'_(1Q)

where: ‘f__ us the progression rate between states — fractlon of students
' ' 'J .
enrolled in state i |n cnme n-1 movnng to state j in time n

Therefore, Equatlon 13 may be expressed as:
LA o e R
S0 = g Siear PNy for ‘1.,.2 see M (15)
The values asS|gnable to NJ -‘admtssnons - are |nfluenced as far as
:dlsclpllnes are concerned by the trends |n ch0|ces |n the “outslde world”
'3;and the proportlon of male to female students adm|tted ' In order to assess
»the |mpact of both t|me and sex upon |n|t|al chonces of study, sets of: h|stor|cal

'pvtlme-serles of adm|ss|ons by d|sC|pl|ne are prepared for male and female stu- - -

"fffdents separately Each set is. then normallzed by total male and female admnssnons

'Q]on a comb|ned bas|s for each year. |n the series. to- prOV|de two sets of llpsuedoIl :

s ﬁhlstorlcal t|me sernes These two sets reflect the compos|t|on by dnsc|pl|ne

*eoflnewly adm|tted student |f the student body were: e|ther lOO% male or lOO% .

female._ EroJectLons7ire then made us|ng regresslon equatlons for the d|sc1pl|nes




within each set and these are normalized by using the total_admfssion
levels projected from Equation 11. CorreSponding disciplinesvwithin each
of the two 'sets are combaned on the basas of the proportlon of maIe and

female students to bg adm|tted
N, =N, _w+ N (1-w) SR A [

where: Nj». is the number of projected admissions in state j ‘at "

time t if all students were male
jft:ientheinumber of projeeted‘admissions in state j at
' .tfme't if all students were female » |
wo ra‘thebfraetion‘of admissions.represented‘b;'male:students

'-External Flow.

L Basncally the flow of students from the Un|ver5|ty consnsts of those
‘who are awarded degrees and those who s:mply Ieave W|thout completlng the ;
Jhppdegree requ»rements.; It lS the flrst of these two WhICh is of pr|mary
V:ﬁconcern.ftm:fa.d 3
At th|s pOlht some explanatlon is.in order‘ 0bvnously for prOJectlng
{féthe number of degrees awarded by d|5C|pl|ne, a relatlonshlp S|m|lar to that.

v"7;employed for enroIIments _— Equatlon 15 -— would seem to be in order., How~

:ever from a practlcal standponnt such an. approach proved to be |nadequate

'Afjﬁtfﬁﬁf fthe.normal fourth ,of:bacea[aureate‘study.

As a result the number of




degrees awarded are computed from the combined fourth and fifth year enroll-

ment for each discipline in the following manner:

ES . t

5

5,0 T 3, Pig | (47

tWhere:i'SJ;t is the»population in the terminal étate in time t —
| . degrees awarded in one discipline area
1Si;£ is the;population in the origrn state in time -
: enrollments in fourth and f|fth academlc achievement
level in, the same d|SC|p1|ne ‘
p}j |s‘the’progre55|on.ratevbetween orrgrn andﬁterminai states'
.TheAprogression rate; pij’ js deter@jned‘on an“empiricaj basisafrom
j;historicai data; N |
| ', APPLICATION
Ut|l|2|ng relatlonshlps of the types described, it ?s'bOSSTble to
‘,’develop prOJectlons of student flow Whlch by |ntroduC|ng ‘the currently ap-
'”bjipllcable values for var|ables under |nst|tut|onal control reflect contlnuance

i

Aﬁt:of exnstlng pol|C|es and practlce - 0n the other hand by changlng any one

' fior more of these varnables, prOJectlons can be generated WhICh take |nto

'“ghaccount the |mpact of the changes

- 'Lln Table 1 through 3 are shown sample prOJectlons for each of the

three sequentlal phases of the applxcatlon. wfﬁgfff




TABLE 1
ENTERING FLOW

: oy
f N
Pa: H.'gh ,_S.ChOOI _ Total . Total
- - -Grads. To . Freshmen Advanced Standing
Graduates - _College Admissions ' Admissions

1970 183,000 85,000 9,580 1,245
1971 164,000 89,000 10,030 1,303
1972 . 189,000 94,000 10,593 1,377
1973 ° 187,000 95,000 10,706 : 1,391

1974 194,000 102,000 11,495 1, Lok
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TABLE 2

INTERNAL FLOW

Enrolliment by Discipline

38 -

Academic
Level - 1
1 L9s
2 345
3 250
L 213
5
1 50k
2 387
3 276 -
L 201
5 43
1 527
2 1399
3 313
b s
S5
S f520 .

2
999
1,111
1,037
921
75

- 1,045
1,230
1,103
931

85

1,115
1,237
1,224
1,039
86

1,226
1,102

9%

1,210

1,359
1
3 71,101

520 102

127
1,349

1,089
795
603
459

18

1,102
851
627
52k

19

1,138
856
679

534

22

1,110
883

677
581

22

11,153

- 861
702

586

Total

Enroiiment

10,153
8,827
7,630
5,742

535

©10,512.

9,746

8,209

6,332
574

11,109
10,091
9,063
6,813
633

11,109
10, 664
9,384
7:522
681
11,826
10,664
09,917
7,788
752 -




. S © TABLE 3
'  EXTERNAL FLOW

.‘Dggrees by:Discip'line
: . o . o ) : Tota]
i #2 aeed 2z Degrees -
970 230 821 ... . 512 6,156
Cqen a2 930 . 582 6,768
Cag72 . M3 1,080 ... 597 - 7,297
1973 Co2thT 1,107 ... o ek 8,038
o787 i,z ... b6 8,369
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